Getters are materials, that have the ability to adsorb (chemi-sorption) residual gas molecules from a sample surface. Such getters are categorized into two classes, namely evaporable and non-evaporable getters (NEGs) depending on methods used for the sample surface treatment. Barium and Titanium are the most common
evaporable getters [1] . Evaporable getters function by evaporating metal atoms which are chemically combined with residual gas molecules and are attached to the inside surfaces of a vacuum chamber. However, in the case of NEG, the cleaning process occurs when oxygen, generated from the passivation of surface oxidized materials by a heating process under the vacuum, diffuses into the getter [2] . In this case, the metallic components are exposed to the surface and the cleaning process is referred to as activation [3] . NEGs can be used when there is insufficient surface area available to support sublimation or when damage might occur, if EGs were to be used.
Lowering the activation temperature is an important strategy for extending the range of NEGs, in practical use. Many getter materials are comprised of only pure metals (Ti, Ba, Ta, etc.), but binary and ternary alloys are frequently used, to achieve a lower activation temperature [4] . However, a getter composed of only pure Zr has not been developed because such a material could only have getter characteristics if it were present in the form of an alloy. Therefore, the preparation of alloys of Zr metal, which has excellent hydrogen adsorption behavior, have attracted considerable attention in recent years because of their potential for use as getterings [3] [4] . The activation temperature of a Zr(V1-XFeX)2(0.16 X 0.18) ternary(400~500 ) is lower than that for a Zr-Al(St 101) binary(700~900 ), and exhibits excellent adsorption properties for most activated gases [5] [6] [7] [8] [9] [10] [11] [12] [13] . In a Zr-V-Fe alloy, the order of affinity for an activated gas, such as H2, is Zr>V metal. This indicates that the each indicidual element has a specific role in the alloy. Most alloys that contain V show the low activation temperatures. The Zr57V36Fe7 alloy is composed of hcp-Zr and cubic-Zr(V, Fe)2. The hcp-Zr phase plays a role of the main sorption site for H2 , while the cubic-Zr(V, Fe)2 phase functions reduce the activation temperature.
A number of studies dealing with the pumping activity of NEGs for different gases have been reported [14] . However, our knowledge of the gettering mechanism and its relation to surface reactions remain limited [15] [16] [17] . X-ray photoelectron spectroscopy (XPS) is an appropriate tool for use in these studies due to its sensitivity to surface environments [15, [17] [18] .
In this study, to develop new low-temperature NEG materials, we synthesized Zr57V36Fe7 alloys and investigated the temperature dependence of the detailed chemical state of each element for NEG materials at a surface using XPS. The objective of the study was to understand the activation characteristics of a Zr57V36Fe7 alloy as an NEG material. The findings indicate that XPS is a fast and efficient technique for investigating the activation process for a new getter material.
MATERIALS AND METHODS
The Zr57V36Fe7 getter alloy used in this work was synthesized, in the form of a pellet, using arc-meltingfurnace methods (5 melts). The alloy was processed using the hydride-dehydride process to obtain brittle alloys that contained high levels of hydrogen. For the XPS measurements, an ESCALAB 250 (ThermoFisher Co., UK. KBSI-PA311) XPS spectrometer equipped with a ceramic heating stage suitable for use in high temperature experiment and an Al K X-ray source was used. Before each measurement, the sample was maintained for 10 min in a UHV chamber after the sample reached its target temperature. The temperature was controlled by means of a programmable heating system. For consistency, the chamber pressure was maintained below 1 x 10 -7 Torr during the measurements regardless of the sample temperature. To monitor any abnormality in the sample and chamber, a full survey spectrum and high resolution XPS spectra measurements were made. The increment of the sample temperature was 100 steps. The XPS spectra were carefully examined to eliminate any artifacts in the peak analysis. The peak area of the each element was divided by the corresponding sensitivity factors and plotted as a function of activation temperature.
RESULTS and DISCUSSION

In-situ XPS sepctra for Zr57V36Fe7 alloy
The Zr57V36Fe7 getter alloy was investigated by in-situ XPS experiments. The air-exposed Zr57V36Fe7 alloy was first degassed in a vacuum at 100 for 30 min. The thermal activation process was then carried out in six consecutive 100 heating steps. Fig.1 shows the evolution of XPS spectra for the components of Zr57V36Fe7 NEG during the activation process at various temperatures. As shown in Fig.1(A) , the O1s peak is composed of three elemental intensities that are assigned to an O-H group at 532.8 eV, and a metallic oxide at 530.1 eV, respectively [14] . The intensity of all three peaks decrease with increasing temperature owing to the desorption and degassing of the Zr57V36Fe7 alloy. The peak at 532.8 eV disappeares as dehydrating of the surface at a temperature 100 occurs. The metallic oxide peak at 530.1 eV decreases as the activation progresses, then, completely disappeares at temperatures above 500 . This suggests that the metallic oxide diffused into the getter at this temperature. The C1s peaks of the Zr57V36Fe7 alloy are reduced with increasing sample temperature. However, the small C1s peak at 285.0 eV still remained at a temperature of 600 due to carbide formation (Data are not shown) [15] . The C 1s peak at 285.0 eV, obtained after in-situ XPS maintained in the vacuum at room temperature, with increasing time.
The series of Fe 2p spectra are plotted in Fig. 1(B) . The Fe 2p peaks are too low to permit their resolution in the temperature range studied. However, an analysis of the Fe 2p3/2 peaks indicated the presence of both oxide and metallic states for iron in the system, corresponding to the binding energy due to oxide at 711.6 eV, 708.6 eV (Fe 2p3/2) and a metallic peak at 706.7 eV [20] . As shown in Fig. 1(B) , the metallic Fe peak increased with increasing temperature. The V 2p spectra for the thermal activation are presented in Fig.  1(C) . The V 2p3/2 peak is composed of both an oxide state both at 514.2 eV (VO) and 516,6 eV (VO2), and a metallic state at 512.0 eV(V) [19] . During the activation process, the chemical shift (514.2 eV 512.0 eV‚ =-2.2 eV) of the V 2p3/2 peak was observed above 300 . Above 400 , only the metallic state of V2p3/2 peak is seen in the spectra. Fig. 1(D) shows data on the temperature dependence of the Zr 3d5/2 peaks. The Zr 3d5/2 spectrum was decomposed into several elementary peaks. These peaks can be attributed to ZrO2 at a binding energy of 185.6 eV, sub-oxide ZrO (182.8 eV), and metallic Zr (3d5/2 at 179.0 eV, and 3d3/2 at 181.4 eV).
[20] The reduction of surface oxides during thermal activation is illustrated in Fig. 1 -a by the appearance of metallic Zr (179.0 eV). The highly oxidized Zr 3d5/2 (183.3 eV ) shifts to a lower binding energy characteristic of lowly the oxidized state Zr n+ (n<4) or metallic Zr state (Zr 0 ) after the activation from 100 to 400 . These findings indicate that the highly oxidized Zr gradually changes to sub-oxidized Zr n+ (n<4) and metallic Zr with an increase in activation temperature.
Activation temperature for the Zr57V36Fe7 alloy
The quantitative results for the elements contained in the sample are summarized in Fig. 2-a . The peak area of each element is divided by the corresponding sensitivity factors and plotted as a function of the activation temperature. The quantities of carbon and oxygen are substantially reduced with increasing sample temperature and became negligible at a temperature above 500 . The vanadium content increased with increasing temperature. However, the amounts of Fe and Zr remain constant at temperatures above 300 . From the results, it can be seen the activation process of Zr57V36Fe7 NEG ends at 500 .
The dependence of the metallic state and the oxide state on temperature for all metallic components of the Zr57V36Fe7 NEG are shown in Fig. 2-b . The high-resolution spectra of Zr57V36Fe7 NEG were decomposed to the oxide state and the metallic state, then, the area of each peak is divided by the corresponding sensitivity factors and plotted as a function of activation temperature.
The activation of Zr is complete during the 500 activation step, however, the oxide states of V and Fe were partially observed even at a temperature of 500 . The activation temperature for the complete formation of the Zr57V36Fe7 alloys, which approximates the XPS peaks for changing from the oxide to metallic of the Zr57V36Fe7 alloy (20 % of the oxide peak) on temperature, was determined to be about 480 .
The findings reported herein indicate that the in-situ XPS technique is a useful analytical tool for evaluating the activation characteristics of NEG materials. The activation process of ternary Zr57V36Fe7 NEG, identified as a metallic reduction, starts at 280 and is complete at 480 . During the thermal activation, surface regions become metal-rich due to the removal of oxygen. Only the oxygen peak of adsorption was present in the vacuum chamber at room temperature following the high temperature treatment. This indicates that the activation of the Zr57V36Fe7 alloy was successfully achieved by the high temperature treatment.
